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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the application is now proceeding in the name as identified herein. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registratiori save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company " or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c. , 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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application number 
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Selective Hvdroaenation Process 

The present invention concerns selective hydrogenation processes and catalysts for use in 
such processes. In particular the invention concerns selective hydrogenation °f&}^hydie 
5 groups to alcohols in the presence of compounds containing olefin groups. 

In the well-known processes for the production of alcohols by the so-called oxo process, an 
olefin is converted to an aldehyde by hydroformyiation with carbon monoxide and hydrogen 
in the presence of a catalyst, which is typically a cobalt or a rhodium-based catalyst. The 

10 aldehyde is then hydrogenated over a copper-containing catalyst to give an alcohol which 
is purified by distillation. This process is often described as a two-stage oxo process 
because hydroformyiation and hydrogenation are carried out in separate process stages. 
The hydroformyiation product typically contains some unreacted olefin which may be 
removed from the process stream, normally by distillation, either before the hydrogenation 

15 or afterwards. The unreacted olefin may be returned to the hydroformyiation stage either 
as a continuous recycle, or, more commonly and efficiently, as a separate feed stream on a 
campaign basis, i.e as a discontinuous recycle. The oxo-process is described in various 
texts, for example in the Kirk-Othmer Encyclopaedia of Chemical Technology (John Wiley) 
4 th Edn (1 991 ), Vol1 , p.903 - 908. 

20 

The reaction product from the hydroformyiation step contains typically 80% aldehyde, the 
remainder being mainly unconverted olefin. When the unreacted olefin is not separated 
until after the hydrogenation of the aldehyde hydroformyiation product, it is possible for the 
olefin to be hydrogenated to saturated paraffin products, which are of relatively low value. It 

25 is economically desirable to minimise the hydrogenation of olefin so that it can be separated 
and recycled to hydroformyiation for conversion to additional aldehyde. For this reason it is 
preferred to use a hydrogenation catalyst which is selective for the hydrogenation of the 
aldehyde group but which does not catalyse to a significant extent the hydrogenation of the 
C=C double bond in the olefin materials.- Catalysts based on copper with chromium and/or 

30 zinc have been described for this process, as for example in US-A-2549416 in which the 
use of such catalysts is described in detail. 

US-A-4052467 describes a process for the reduction of oxo-aldehydes to alcohols over a 
Cu/ZnO containing catalyst in which the feed contains a high concentration of thiophene 
35 (e.g. 500 - 2000 ppm) or another ring-type sulphur compound. The reaction conditions are 
specified to be in the range of temperature 450 - 550 degrees F and a pressure of 800 - 
1200 psig with a LHSV in the range 1.0 - 1.5 to ensure that the ring-type sulphur 
compounds in the feed do not decompose to sulphur or sulphur compounds which 
deleteriously affect the life of the catalyst. 
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According to the invention, we provide a process for the hydrogenation of a feed stream 
containing at least one aliphatic aldehyde compound and an olefin over a catalyst 
comprising a cc^per compound and a zinc compound, and optjor^any a^taj^t support, 
5 comprising the step of treating said catalyst with an organic sulphur compound. 

According to a second aspect of the invention, we provide a process for the production of 
an alcohol, comprising the steps of: 

(a) reacting an olefin feed with hydrogen and carbon monoxide in a hydroformylation 
10 reactor in the presence of a suitable hydroformylation catalyst to form a 

hydroformylation product stream comprising an aldehyde and unreacted olefin, 

(b) optionally treating said hydroformylation product stream to separate the catalyst from 
the remainder of the hydroformylation product stream, 

(c) vaporising said hydroformylation product stream and feeding the vapour together with 
15 a source of hydrogen to a hydrogenation reactor containing a bed of a solid 

hydrogenation catalyst comprising a copper compound and a zinc compound, to form 
a hydrogenation product stream comprising an alcohol and unreacted olefin, 

(d) separating said hydrogenation product stream into at least an alcohols stream and a 
stream containing said unreacted olefin, 

20 characterised in that the hydrogenation catalyst is treated with an organic sulphur 
compound before or during step (c). 

We have found that the conversion of olefin to paraffin can be significantly reduced, without 
significantly changing the conversion of aldehyde to alcohol, by treating the hydrogenation 

25 catalyst with an organic sulphur compound. The unreacted olefin is normally recycled to 
the hydroformylation step either directly .or, more preferably as a separate feed stream. If 
fed as a discrete recycle stream, the olefin which is separated from the hydrogenation 
product stream is preferably stored and then fed to the hydroformylation reactor as a 
distinct campaign so that the process conditions in the hydroformylation reactor may be 

30 optimised for the olefins contained in the recycle stream. 

The treatment of the catalyst with an organic sulphur compound may be done either prior to 
or during the feeding of the aldehyde-containing feed stream to the catalyst. 
The sulphur compound can be added to the olefin feed before carrying out the 
35 hydroformylation in which case it is essential that the sulphur compound does not react 
under the conditions of hydroformylation, in particular it must not be a poison for the 
hydroformylation catalyst. Alternatively and preferably, the sulphur compound may be 
added to the crude aldehyde as it is fed to hydrogenation. It is preferred to treat the 
catalyst on-line, i.e. in situ in the hydrogenation reactor during the reduction of the catalyst 
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The exact process by which the catalyst activity is moderated is not fully understood but it is 
likely to involve the formation of a sulphide species on the surface of the copper. 

If no treatme nt is carried out, a freshly reduced catalyst will convert up to 80% of the ole fin 

5 in the crude aldehyde to paraffin. After treatment with a sulphur compound, the olefin 
conversion may be reduced to less than 30% so that more olefin is available to be recycled, 
leading to more favourable process economics. 

The following examples are for illustration only. 

10 

EXAMPLE 

A charge (16 tonne) of PRICAT™ 29-2 Cu/ZnO catalyst available from Synetix, was 
reduced to the active form by treatment with a low concentration of hydrogen in nitrogen, 
initially at 190°C and a pressure of 50 barg increasing to 260°C and 100 barg as the 
15 reduction neared completion. 

A mixed C9 olefin (nonenes) stream was hydroformylated to give a mixture containing C10 
aldehyde, unconverted nonenes and by-products including nonanes and high boiling C20 
compounds. The crude aldehyde was hydrogenated to give a crude C10 alcohol 
20 (isodecanol) by passing it over the reduced hydrogenation catalyst in the presence of 
hydrogen at 250-270°C and 235 barg. The liquid feed rate was 20 m 3 /hour and the 
hydrogen rate was 90 000 m 3 /hour, the rate for the latter being expressed as at 20°C and 
atmospheric pressure. 

25 Over the first six days on line a total of about 67 litres (1 5 gallons) of thiophene was added 
to the hydrogenation feed, equivalent to 1.7 kg S per tonne of catalyst. Over the next 10 
days the olefin converted to paraffin was equivalent to 25% of the olefin in the feed. The 
residual aldehyde content of the crude alcohol product was less than 0.5% by weight" 

30 COMPARATIVE EXAMPLE 

A similar charge of catalyst, which was not treated with thiophene, gave 60-80% conversion 
of olefin to paraffin after 6 to 16 days on line. The residual aldehyde content of the crude 
alcohol was again less than 0.5% by weight. 



